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@ Multiple fluid injection nozzie array for rotary atomizer. 



(St) a rotary atomizer (320) for spraying fluids 
toward an object to be coated with the fluids 
includes an atomizer housing (322) defining a 
central longitudinal axis and enclosing a 
plurality of feed tubes (30A, 308, 30C) between 
an inlet end and an outiet end (328) of the 
housing, and a shaft (325) rotating about the 
longitudinal axis and protruding from an outiet 
end of the housing. A distributor (324) is moun- 
ted on the shaft and spaced from the outlet end 
of the housing, for atomizing the fluids con- 
veyed by the plurality of feed tubes and direct- 
ing a spray of the fluids radially outward toward 
the object to be coated. A plurality of injection 
ports (32A, 328, 320), each communicating with 
a con-esponding feed tube is located at the 
outiet end of the housing for injecting ttie fluids 
toward the distributor. Each feed tube can be 
dedicated to a different fluid. 
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The invention relates to a rotary atomizer for coat- 
ing substrates such as drum and flexible belt photo- 
receptors for photocopiers. 

A photoreceptor is a cylindrical or belt-like sub- 
strate used in a xerographic apparatus. The photore- s 
ceptor substrate is coated with one or more layers of 
a photoconductive material, i.e.. a material whose 
electncal conductivity changes upon illumination, in 
xerographic use. an electrical potential is applied 
across the photoconductive layer which is then ex- io 
posed to light from an image. The electrical potential 
of the photoconductive layer decays at the portions ir- 
radiated by the light from the image, leaving a distrib- 
ution of electrostatic charge con-esponding to the dark 
areas of the projected image. The electrostatic latent is 
image is made visible by development with a suitable 
powder. Better control over the quality of the photore- 
ceptor coating(s) yields better imaging performance. 

One method of coating substrates is to dip the 
substrate in a bath of the coating material. This meth- 20 
od IS disadvantageous because it usually results in a 
non-unifonm coating. In particular, when the substrate 
IS onented vertically and dipped into a bath, the coat- 
ing thickness tends to "thin" or decrease at the top of 
the substrate and "slump" or increase at the base of 25 
the substrate due to gravity induced flow of the coat- 
ing material as the substrate is lifted from the bath 
Thickness variations also occur even when the pho- 
toreceptor is oriented horizontally and dipped into the 
bath due to the formation of a meniscus as the sub- 30 
strate is removed from the bath. This variation in coat- 
ing thickness causes variations in the perfonnance of 
the photoreceptor. In addition, the dipping process re- 
quires additional processing controls because the 
bath must be constantly maintained in a state suitable 35 
for coating. The bath increases the size of the entire 
processing apparatus and is not readily adaptable to 
rapid changes in coating formulations. Further 
changes in coating fomiulations are inhibited due to 
incompatibilities between formulations for successive 40 
coatings or layers. It is also difficult to incorporate 
cleaning and curing operations that are compatible 
with the dipping process for efficient modular opera- 
tion as a manufacturing process. 

In another method, an air assisted automatic 4s 
spray gun uses high velocity air to atomize the coating 
fonnulation which is sprayed onto a substrate. Due to 
high mass transfer rates intrinsic to the use of atom- 
izing air, this method entails considerable evaporative 
loss of solvent from the spray droplets and requires so 
the use of slow evaporating solvents to prevent ex- 
cessive solvent loss before the droplets anive at the 
substrate. It is difficult to use this method in a sealed 
environment, and thus difficult to control the solvent 
humidity sunrounding the substrates prior to. during 55 
or after the coating process. In addition, the air atom^ 
•zed spray method creates a considerable amount of 
overspray which results in higher material usage Air 



spray guns also are less advantageous for batch proc 
essing of a number of sub-strates. 

European Patent Applications Nos. 0 435 567 n 
435 568 and 0 435 577 disdose an apparatus for coat- 
ing cylindrical and belt like substrates in which a plan 
etary array of substrates 18 (Rgs. 1A and 1B of the 
drawings of the present application) is mounted on a 
support structure 20 carried by a rotatable carousel 
10. Each substrate 18 is rotated about a horizontal 
axis h while horizontally supported about a central 
honzontal axis H of the support structure 20. The sup- 
port structure 20 is inserted into a coating chamber 
310 having a reciprocating applicator 320 with its 
longitudinal axis aligned with the central horizontal 
axis H of the support structure 20 for applying a coat- 
ing formulatkjn radially outward into the planetary ar- 
ray of substrates 18. 

The applicator is a rotary atomizer having a hous- 
ing 322 defining an inlet end 326 and outlet end 328 
The housing 322 encloses a shaft 325 rotating about 
the longitudinal axis and protruding fi-om the outlet 
end 328 of the housing 322. A distributor or 'bell' 324 
is mounted on the shaft 325 and spaced from the out- 
let end 328 of the housing. 

As illustrated in Figs. 2A. 28 and 2C of the draw- 
ings of the present application, the housing 322 of 
commercially available rotary atomizers has a single 
feed tube 30 with one injection nozzle 32 mounted at 
the end of the tube 30. The feed tube 30 alternately 
delivers various coating solutions, orflushing solvents 
between coating runs. The fluid is delivered to the ro- 
tating bell 324 where it is atomized (and electrically 
charged in cases where a high voltage is applied to 
the bell) such that it directs a spray radially outward. 
A batch delivery of a coating solution for a given layer 
IS usually followed by a batch delivery of air and/or 
flushing solvent to dear the feed tube prior to delivery 
of a coating solutron for the subsequent layer. Efficient 
flushing of a coating solution from the line by solvent 
and air is difficult Umiting the amount of solvent 
and/or air used in flushing may result in coating solu- 
tion residues remaining in the feed tube, which can 
contaminate subsequent coated layers, thereby de- 
grading overall photoreceptor quality; while using 
large quantities of solvent and/or air for feed tube 
flushing can increase manufachjring process cycle 
times to unacceptably high levels. 

An object of the invention is to obviate drawbacks 
of prior rotary atomizers. 

In accordance with the invention, a rotary atom- 
izer for spraying fluids toward an object to be coated, 
comprises: 

an atomizer housing defining a longihjdinal 
axis and endosing a hollow shaft rotating about the 
longitudinal axis and protruding from an outiet end of 
the housing and a plurality of feed tubes in the hollow 
shaft between an inlet end and the oudet end of the 
housing; 
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distribution means mounted on the shaft and 
spaced from the outlet end of the housing, for atom- 
izing the fluids conveyed by the plurality of feed tubes 
and directing a spray of the fluids radially outward to- 
ward the object to be coated; and 

a plurality of injection ports located inside of 
said hollow shaft and aligned along said longitudinal 
axis, each communicating with a corresponding feed 
tube and being located at the outlet end of the housing 
for Injecting the fluids toward the distribution means. 

Each injection port can then be dedicated to de- 
liver an individual coating solution or solvent or gas. 

The number of feed tubes and corresponding in- 
jection ports may be in the range of two to twenty, 
more particulariy in the range of three to seven. 

By way of example only, embodiments of the in- 
vention will be described with reference to the accom- 
panying drawings, in which like elements are denoted 
with like reference numerals and wherein: 

Fig. 1 A is a schematic cross-sectional top view of 

a coating chamber 

Fig. 1B is a schematic cross-sectional side view 
of the coating chamber taken along the lines X-X 
of Fig. 5A; 

Fig. 2A is a schematic cross-sectional side view 
of a commercially available rotary atomizer into 
which the coating fluid is fed through a single feed 
tube located along the atomizer central axis; 
Fig. 28 is an enlarged view of the atomizer of Fig. 
2A taken along the line A-A of Fig. 2A; 
Fig. 2C is an end view of the tube of Fig. 28 taken 
along the line B-B of Fig. 2B; 
Fig. 3Ais an enlarged view of the outlet end of the 
rotary atomizer in accordance with the daimed in- 
vention; 

Fig. 38 is an enlarged side view of the atomizer 
of Fig. 3A illustrating the hollow shaft and inlet 
end; 

Figs. 4A. 4B, 4C and 4D are end views of different 
embodiments for the feed tubes of Fig. 3 taken 
along the line C-C of Fig. 3; 
Figs. 5A, 58, 5C and 5D are side views of different 
embodiments for the feed tubes of Fig. 3 taken 
along the lines D-D of Fig. 3; 
Figs. 6A, 6B and 6C are a side view of an atomizer 
having another form of feed tube/nozzle assem- 
bly, an enlarged view of the nozzle assembly, and 
an end view of the nozzle assembly, respectively; 
and 

Figs. 7A, 7B and 7C are an end view of another 
form of feed tube/nozzle assembly, a cross- 
sectional side view of a portion of the feed tubes, 
and a cross-sectional side view of the outlet end 
of the nozzle assembly, respectively. 
In the preferred embodiment of the invention illu- 
strated in Figs. 3A and 3B, the rotary atomizer 320 
sprays fluids toward an object (preferably a photore- 
ceptor) to be coated with the solution. The atomizer 



has an atomizer housing 322 defining a central long- 
itudinal axis and encloses a plurality of feed tubes 
30A, 30B. 30C... tenninating at the outlet end 328 of 
the housing 322. A hollow shaft 325 is enclosed in the 
5 housing and protrudes from the outlet end 328 by a 
spaced distance. The shaft 325 rotates about the cen- 
tral longitudinal axis of the housing 322 and encloses 
the feed tubes 30A, 308. 30C as illustrated in Fig. 38. 
The housing also accommodates a plurality of turbine 
10 blades (not shown). 

A distributor or bell 324 is mounted on the shaft 
325 and is spaced from the outlet end of the housing 
322, for atomizing fluid delivered through the feed 
tubes 30A, 308, 30C... and directing a spray of the flu- 
15 ids radially outward. 

A plurality of injection ports 32A, 328, 32C... each 
communicating with a corresponding feed tube 30A. 
308. 30C.... is located at the outlet end of the housing 
for injecting the fluids toward the bell 324. As illustrat- 
20 ed in Figs. 4A, 48, 4C and 4D. the number of injection 
ports and corresponding feed tubes may vary from 
three (Fig. 4A). four (Fig. 48), seven (Fig, 4C). or more 
(Fig. 40). up to about twenty tubes and ports. Prefer- 
ably, the injection ports are symmetrically arranged 
25 about the central longitudinal axis. 

In the preferred atomizer (a Nordson RA-1 2 avail- 
able from Nordson Corporation of Amherst. Ohio but 
modified in accordance with the following structure), 
a space of approximately 1 cm in diameter by 20 cm 
30 long is available inside the turbine blades for the an^y 
of injection ports, i.e., the nozzle array. If the individual 
tubes were made small enough, perhaps as many as 
twenty tubes could be fitted in this space. As few as 
two can be used or three as illustrated in Fig. 4A. It has 
35 been found that seven tubes (Fig. 4C) is a convenient 
number due to cun*ent process requirements and the 
symmetry of the an-ay; i.e. with equal sized tubes, six 
may be symmetrically spaced in a hexagonal pattem 
around the remaining tube which is located in the cen- 
40 ter. 

With regard to process requirements, the seven 
tubes enable multiple coating solutions to be in the flu- 
id tubes, primed and ready for coating. Thus it is pos- 
sible to have the process prepared to coat a batch of 

45 any one of several typical two or three layered organic 
photoconductor drums: in the seven port array, two 
different undercoat fluids could be readied, as well as 
twodifferent charge generator fluids, and two different 
charge transport fluids, for example. (Other combina- 

50 tions are possible.) The remaining port would likely be 
a solvent injector for bell flushing. 

The two or more charge generator fluids could be 
chosen from visible light sensitive and infrared light 
sensitive materials, which are typically used in light 

55 lens copiers and laser printers, respectively. Thus the 
entire system would have the flexibility to rapidly 
change between and alternately produce batches of 
different product sets. This flexibility is beneficial in 
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that it enables just-in-Ume manufacturing, the advan- 
tages of which are widely understood 

In addition, this nozzJe array enables the blending 
of two or mere charge generator materials or charge 

u.J^'ft^ ^yP°<^«""'c needle tubing can be 
used to fabncate the array. This material is precision 
manufactured, solvent compatible, and readily avail 
able individual tubes in the array can be tack welded 

wrsWi:%™^^-^^^^---P'e. see 
Teflon tubing can also be used. Its low electrical 
conduct.^ n,ay be an additional advantagtin t"e 
use Of certain conductive materials, as the retard 
spray process is electrostatically assisted ^ 
The tubes can be bundled tightly together and 
fixed ,n place by the use of solvent resfstaTsleeve or 

Zln?' ''^ P^^^'l 3 solvent r^ 

s«tant polymer. (Possibly an epoxy or polyurethanT 
for example see po/ymer P in Fig 40 ) 

ed iJa'shn^'^i^- befabricat- 
borina thrn K °' '"'"'^^ passageway made by 
Sit?- «."^L^ °' ^^'■'^'^'e -material 4^ 

See Fig 6A. 68 and 6C) which is preferably a solvent 

ZnT "^''^ ^^^-^ "°^e structure in 

then be equipped with barbed or other suitable c^n 

dete" -quired length of Suid 

T 7.^^'"^ 2°^' and fastened via 

46 . K , °' '"'■'"'"^ "'^^"^ *° - fixtun^g tube 
46 w„ch locates the short nozzle structure as desired 

LSte^n Fig.' 6C ' - 

s.n,l!; ^I' '° ^""'y «^ the nozzle as- 

centc and T'"' ^"'^'^ '^^^ P-<=-e con- 

centnc and axial spatial relationships are maintained 

feefbe! -^e'nb'y and theato^ 

•zerbell. This may be accomplished by incorooratinn 

't!J^"°r«^^^«-'''y-P°«'onoftherute7rurfa2 
wh,ch IS dimensioned to provide an interfl enc^m 

r; altem'^' °' ^^^"""^ °-fng 

the nn.T ""T""'"^ ^ """9^ ^' '"'et end o 
he nozzle assembly which can be affixed precisely to 
«,e housing with screws or othersuitable means; or a 
combination of both fixing methods 

In another embodiment illustrated in Figs 7A 7B 
and 7C. a solid round rod 50 of preferably soivem re 
s«tent matenal is ground to form channels or greaves 
52 lengthwise on the peripheral surface of ITZ 
The grooves 52 may be formed on only a por^on^f 

Z 7Jr ''^'""^ *° o° the 

rod^ Additional aligned grooves may then be fom^ed 
from the inlet end of the rod to complete the groped 
passageways 52 from the inlet end to the ouLrend 
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The rod 50 may also have a central bore a . 
56 is then fit over the rod to sea (The g'^^^^^^^^^ 

It .s further noted that the axial position of th J l^' 

tw^on fK ^^a"iP'e. the maximum distance be. 
a^^h^ndr^iSm-dl^^^^^^^^ 

spacesTeL^to eTm:; ex^ A.l"tb ^ 

an area into Which thespr:;73ot^^^^^^^ 
For example, some highly volatile solutons mil * 
ponze and migrate into the empty tubestd^S^^ 
^erim^-tshtrji- -^^^^^ 

Special configurations of the ends of the tubes 

onThe'J'LT"" '° -"^-^t'^eir fluid injection poi'^ 

coincfde wTh ' °' '^^"'""^ ^^'^^ 
coincide wrth the central axis of the housing This is 

particulariy with respect to those toward the ouf 

sdeor penmeterof the array. This Wll assure In even 

whSf H °' 'P'^^ ""'^"^""g from the aton^zer 
Which in torn results in equal coating thick^T^es 
anx,ng all devices in a batch. Means to direm^e^Jd 
ex. ng the tubes toward the exact center oTthe beS 

dLincl ^"•'"P'nS and/or r^ 

ducmg the ends of the individual injector tobes as T 

r«Xln=.^^^^^^^^ - in: 

rowsjisparalleltothecentrallo'njrrar^^^^ 

SB the ends of the tubes of the perimeter tubes SoJ 

308 are longer than the central tube 30C and and^ 

can be made by bevelling the array or bendino th* 

'JZTT'- a <:nC«on^n 

wh,(^ the diameter of the perimeter tubes 30A. 30B 
.3 reduced, and the smaller diameter tubes have a 
length greater than the central tube 30C. The smaller 
diameter tubes are bent toward the central lonST 
nal ax« to direct the fluids toward the cenb^, ,onS- 
dinal axis. In Fig. 5D. the perimeter tubes SOA sS^ 
are bevelled like Fig. 5B. but drilled so that the perJ 
meter tubes direct their flows toward the c^n^^ 

IIZT^- ^"'"c^' ^"^^^ 30A. 3?B and 

30C are shown in Figs. 5A-5D. the configurations are 
applicable to an^ys having more tubes. 
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With the described atomizers in accordance with 
the present invention, each feed tube and injection 
port can deliver individual coating fluids to the photo- 
receptor, the differing coating fluids being applied si- 
multaneously through different tubes, or being applied 
sequentially for improved photoreceptor layering ef- 
fects. In the fonmer case, the fluids are mixed at the 
atomizer bell, thus improving the mixing process and 
eliminating the need for mixture prior to entry into the 
atomizer. A coating fluid and solvent can be mixed In 
this manner. In the later case, flushing of one tube with 
a solvent prior to application of a coating fluid through 
a different tube is unnecessary since each tube is 
dedicated to a fluid source. Other tubes in the array 
can be dedicated to bell cleaning solvents or solvents 
for chamber humid ification. The overall effect is a re- 
duction in cycle time and avoidance of flushing proce- 
dures and cross contamination of various coating 
fluids. 

In another application, a multiple feed 
tube/multiple injection port atomizer in accordance 
with the invention is applicable to industries that apply 
different paint colors or overcoatings to different prod- 
ucts, such as vehicle bodies in the automotive indus- 
try. Each feed tube can be dedicated to a different 
color, thus reducing the need to flush a feed tube and 
permitting rapid changes of color. 

Rotary atomizers in accordance with the inven- 
tion and as described above can provide at least the 
following advantages: 

1) No cross contamination occurs in the tubes. 
When the coating fluids share a common delivery 
tube to the atomizer, difficulties are encountered 
in the flushing of the tube between successive 
layer coatings. Precipitate sludges often form in 
the tube due to solvent/polymer incompatibilities, 
resulting in deposition of sludge particles on pho- 
toreceptor surfaces, or total plugging of the conv 
mon fluid line; 

2) No line flushing is necessary between layers. 
This eliminates the risk of contamination of the 
photoreceptor devices in process by flushing 
waste liquid; 

3) Manufacturing process cyde time is reduced, 
resulting in greater throughput and lower unit 
manufacturing costs (UMC). The multi-tube array 
enables all coating solutions and solvents to be 
primed and ready for delivery before processing 
begins, thus eliminating various time consuming 
fluid delivery preparatory steps during process- 
ing; 

4) Fabrication of device structures such as a sin- 
gle layer device or multipigment device can be fa- 
cilitated. Sequenced deposition or blending of 
coating solutions or multicomponent reactive flu- 
ids becomes straightforward; and 

5) Flushing solvent waste volumes are mini- 
mized, since less line flushing is required. Ecolog- 



ical benefits of this are obvious since excess sol- 
vents are not released to the atmosphere. 



1, A rotary atomizer for spraying fluids toward an ob- 
ject to be coated with the fluids, comprising: 

an atomizer housing (322) defining a cen- 
to tral longitudinal axis and enclosing a hollow shaft 
(325) rotating about the longitudinal axis and pro- 
truding from an outlet end (328) of the housing 
and a plurality of feed tubes (30A. 30B. 30C) with- 
in the hollow shaft between an Inlet end and the 
15 outlet end of the housing; and 

a plurality of injection ports (32A. 32B. 
32C). each communicating with a corresponding 
feed tube and being located at the outlet end of 
the housing for injecting the fluids toward distrit>- 
20 ution means (324) mounted on the shaft and 

spaced from the outlet end of the housing, for 
atomizing the fluids conveyed by the plurality of 
feed tubes and directing a spray of the fluids ra- 
dially outward toward the object to be coated. 

25 

2. An atomizer as claimed in claim 1 : 

wherein each feed tube has an inlet conrv 
municating with a fluid source different from other 
fluid sources for other inlets of other feed tubes. 

30 

3. An atomizer as claimed in claim 1 or daim 2: 
wherein the injection ports are symmetrically ra- 
dially positioned about the central longitudinal 
axis of the housing. 

35 

4. An atomizer as claimed in any one of the preced- 
ing claims: 

wherein at least one of the injection ports 
is angled and/or configured to direct the fluid to- 
40 ward the central longitudinal axis (Figs 5B, SC. 

5D). 

5. An atomizer as claimed in any one of the preced- 
ing claims: 

45 wherein the feed tubes are stainless steel 

hypodermic needle tubing or teflon tubing. 

6. An atomizer as claimed in any one of the preced- 
ing claims: 

50 further comprising securing means for se- 

curing together the feed tubes. 

7. An atomizer as claimed in claim 6: 

wherein the securing means are welds for 
55 holding one feed tube to an adjacent feed tube. 

8. An atomizer as claimed in claim 6: 

wherein the feed tubes are bundled into an 
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array and the securing means is a sleeve (S) sur- 
rounding a perimeter of the airay or a polymer (P) 
encasing the array. ' 

An atomizer as daimed in any one of the preced- 
ing da^ns, wherein the injection ports are defined 
by bores extending through solid material (40) to 
eliminate interstices between adjacent ports 
(Figs 6A. 6B and 6C). 



10 



10. An atomizer as daimed in any one of daims 1 to 
4, wherein the feed tubes are defined by a corre- 
sponding plurality of grooves (52) In a peripheral 
surface Of a rod (50) and a sleeve (56) fitted about 

groove '° """^ ^" ^''J^^"* ,5 

1 1. An atomizer as daimed in any one of the preced- 
ing daims, wherein the distance between the noz- 

?n fnn f^^"*^ distribution means is between 20 
50-1 00 thousandths of an Inch. 
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FIG. 4A 
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